Blood and tissue samples obtained at necropsy from carcasses showing varying degrees of postmortem decomposition are sometimes used as sources of antibodies for serological tests, primarily in studies involving wild animals or in examination of aborted fetuses. To test the persistence of antibodies in blood and lung tissue kept at room temperature (approximately 20ЊC) for up to 48 and 118 days, respectively, serum and lung fluid from Neospora caninum-infected and uninfected cattle were tested using an indirect N. caninum immunostimulating complex enzyme-linked immunosorbent assay (ELISA). Testing of selected samples was also performed using a commercial Neospora competitive ELISA. Despite severe changes in the gross appearance of the samples, the blood collected through venipuncture from live animals remained essentially sterile, whereas the pieces of lung tissue showed a variety of bacterial and fungal growth. Nevertheless, there was no obvious reduction in antibody levels in either the blood or the tissue samples during the 2 observation periods. This study indicates that specific immunoglobulin G antibodies may be remarkably stable in sterile blood and decomposed lung tissue.
In serological testing for infectious diseases in animals, serum and tissue fluid obtained at necropsy from carcasses showing varying degrees of decomposition are sometimes used as sources of antibodies, primarily in wild animals or in aborted fetuses. [9] [10] [11] 14 The level of autolysis of such material may be highly variable, which raises the question of reliability of antibody tests performed on fluid from autolysed tissues. A similar problem applies to blood samples that have been subjected to prolonged transportation times under nonrefrigerated conditions or are for various reasons kept at room temperature for extended periods. Such samples may become hemolyzed or otherwise degraded, and the question arises whether they should be excluded from serological testing. 7 Although several serological tests performed on tissue fluid and serum samples collected from dead animals have been reported, 3, 5, 6, 9 no information is available on the persistence of antibodies in animal blood and tissues with different degrees of autolysis after nonrefrigerated storage. When diluted human serum was stored for 6 months at 4ЊC and retested for immunoglobulin (Ig)M and IgG antibodies, only small differences were detected. 15 In another study on human serum stored for 48 hours at room temperature, the level of IgG1 decreased, whereas that for other IgG subclasses remained unchanged. 8 In this study, the authors investigated the stability of antibody levels in bovine lung tissue and blood samples stored at room tem-From the Department of Parasitology (SWEPAR), National Veterinary Institute and Swedish University of Agricultural Sciences, SE-751 89 Uppsala, Sweden (Jakubek, Uggla). 1 Corresponding Author: Eva-Britt Jakubek, Department of Parasitology (SWEPAR), National Veterinary Institute, SE-751 89 Uppsala, Sweden. perature for up to 48 and 118 days, respectively. Material from cattle infected and not infected with the protozoan parasite Neospora caninum 2 were used for antibody detection.
Two 2-month-old Swedish Friesian calves serologically negative to N. caninum were inoculated intramuscularly twice at a 15-week interval with 3 ϫ 10 8 N. caninum tachyzoites of the NC-1 strain. a The parasites had been cultivated in Vero cells as described by Stenlund et al. 12 Three weeks after the second inoculation, blood samples were taken by jugular venipuncture into Venoject tubes b without additives. The calves were then killed with a bolt gun and desanguinated, after which parts from each of their left lungs were collected and put into sterile glass beakers. On the same day, corresponding pieces of lungs were also collected from 2 seronegative calves slaughtered at the abattoir in Uppsala, Sweden. Blood from 2 cows kept at the buiatric clinic of the Swedish University of Agricultural Science in Uppsala, Sweden, and seronegative to N. caninum were collected by jugular venipuncture into Venoject tubes without additives. During the course of the study, all test tubes containing the blood samples from the 4 animals were stored at room temperature (20-22ЊC) for up to 118 days. One of the samples was processed within 5 hours after it was collected and used as a baseline. Once weekly for 18 weeks, 1 of the 18 blood tubes from each animal was centrifuged at 1,000 ϫ g for 10 minutes, and the serum was collected and stored at Ϫ20ЊC. The internal parts of the collected bits of lungs were cut out under sterile conditions in a laminar flow cabinet, and divided into pieces of approximately 1 cm 3 , which were placed in individual sterile tubes and kept at room temperature (20-22ЊC) for up to 48 days. During this period, on the same occasion as for the serum samples, 1 sample of lung tissue from each calf was transferred from room temperature to Ϫ20ЊC. At the end of the experiment, all lung tissue samples were thawed, and lung fluid was collected into new sterile tubes, which were again frozen at Ϫ20ЊC, as described by Wingstrand et al. 13 Antibodies to N. caninum were demonstrated by an indirect enzyme-linked immunosorbent assay (ELISA), using essentially the same procedures as described by Björkman et al. 1 In this assay, N. caninum proteins incorporated into immunostimulating complexes (ISCOMs) are used as antigen and a monoclonal against bovine IgG1 is used as secondary antibody. All samples were thawed and analyzed in duplicates at the same time. The lung fluid and serum samples were initially screened at dilutions of 1:50 and 1:100, respectively. In addition, 3 samples of both serum and lung fluid, representing the study start date, midpoint date, and end date were selected from each seropositive animal for titration. The titration was performed in a 3-fold dilution series from 1:100 to 1:218,700, and the highest dilution yielding an optical density (OD) value above 0.200 was regarded as the end-point titer. 4 As a positive control, serum from a calf that had been infected with N. caninum in a previous experiment was used. Serum from an uninfected calf was used as a negative control. To verify the results from the ISCOM ELISA, the same samples as selected for the titration were tested using a commercial N. caninum antibody competitive ELISA (c-ELISA), c according to the manufacturer's instructions. Positive and negative controls were supplied with the test kit. Bacteriological and mycological examinations were performed according to routine methods at the Department of Bacteriology of the National Veterinary Institute (SVA), Uppsala, Sweden. The samples tested were serum and lung tissue from 1 of the calves inoculated with N. caninum, serum from 1 of the negative cows, and lung tissue from 1 of the negative calves. The samples for bacteriological and mycological examinations were taken from the start, approximate midpoint, and end dates of the study period.
As shown in Fig. 1, high levels of N. caninum IgG antibodies were detected in all stored sera from the experimentally infected calves throughout the 118 days of study. The OD values varied between 0.710 and 1.140. All serum samples from the seronegative cows had OD values Ͻ0.160. The positive control had an OD value above 0.930, and the negative control was below 0.080. Lung fluid samples from the experimentally infected calves, stored at room temperature for 48 days, had OD values varying between 0.420 and 0.860. The corresponding values for samples from the noninfected calves were consistently below 0.060 (Fig. 2) . Serum samples that were titrated were clearly positive, with titers remaining constant at 1:8,100 during the 3 periods tested. The same pattern was seen in the lung fluid samples, but the titers were lower, 1:900. Identical titer was obtained in both the calves tested. In the c-ELISA, the selected serum and lung fluid samples from infected animals produced inhibition values exceeding 30% and were thus regarded as positive according to the manufacturer's instructions. The samples from the uninfected animals were all negative. In 1 of the serum samples cultured for bacteria, growth of Staphylococcus sp. and alpha-hemolyzing streptococci was detected. This sample was from 1 of the infected calves, and it was frozen on the sampling day. The other serum samples showed no growth of bacteria or fungi. In the lungs, a variety of bacterial and fungal organisms were detected on all sampling dates, including: Staphylococcus, Acinetobacter and Corynebacterium spp., yeast, and Penicillium spp.
During the course of the study, the blood samples changed in appearance from normal clotted blood with transparent serum to a severely hemolyzed reddish-brown fluid. However, as indicated by the bacteriological analyses, these samples essentially remained sterile throughout the study period, and the level of N. caninum antibodies did not decline. The pieces of lung that were initially fresh began to decompose and change color in a short time. By day 48, the tissue pieces were more or less dissolved and covered with mold and bacteria colonies. Despite this severe decomposition, no obvious reduction in specific IgG antibody levels could be demonstrated during the observation period. No differences were found between the samples by the titration analysis, nor did the changes in the condition of the serum and lung fluid cause any false positives. These results show that, at least under the conditions of this study, IgG antibodies are remarkably stable. However, further work needs to be done to determine whether such stability is organ dependent or dependent on animal species, disease type and progression, etc. In addition, although most serological assays target IgG antibodies, information is needed on whether there are significant differences in stability among antibody classes and subclasses.
